This study determined whether higher patient volume of skilled nursing facility (SNF) care was associated with a lower hospital transfer rate. Using the nursing home Minimum Data Set and the Online Survey, Certification, and Reporting file, we assembled a national cohort of Medicare SNF postacute care admissions between January and September of 2008. Multivariable analyses based on Cox proportional hazards models found that patients admitted to high-volume SNFs (annual number of admissions in the top tertile group) showed an approximately 15% reduced risk for 30-day rehospitalization and an approximately 25% reduced risk for 90-day rehospitalization, compared with patients admitted to low-volume SNFs (annual number of admissions in the bottom tertile group, or <45). Similar patterns of volume-outcome associations were found for hospital-based and freestanding facilities separately. The inverse volume-outcome association in postacute SNF care may reflect a "practice makes perfect" effect, a "selective referral" effect, or both.
Patients admitted to the skilled nursing facility (SNF) typically have recent hospital stay for an acute episode of illness. During their skilled facility stay, the postacute SNF patients receive daily recuperative or rehabilitation services with the goals of stabilization of postsurgical or medical problems and recovery from functional losses. The postacute SNF patients are medically complex with more than half of them having five or more comorbidities and at least one impairment in activities of daily living (Liu et al., 2007) . Medicare covers beneficiaries' SNF care for up to 100 days if they meet certain skilled care criteria. Recent estimates showed that each year between 1.3 and 1.8 million Medicare beneficiaries received an episode of postacute care (Donelan-McCall, Eilertsen, Fish, & Kramer, 2006; Stearns, Dalton, Holmes, & Seagrave, 2006) .
Rehospitalization of skilled nursing care patients-estimated at a rate between 15% and 40% within Medicare-covered stay (Donelan-McCall et al., 2006; Grabowski et al., 2010; Grabowski, Stewart, Broderick, & Coots, 2008; Konetzka, Spector, & Limcangco, 2008; Stearns et al., 2006) -is a common problem that affects both quality of life of the transferred beneficiaries and overall efficiency of the Medicare program (Ouslander, Weinberg, & Phillips, 2000) . Transfers of frail SNF patients back to the hospital often are deemed clinically inappropriate or preventable (Intrator, Zinn, & Mor, 2004; Saliba et al., 2000) , expose them to iatrogenic problems and medical errors (Boockvar et al., 2004; Gorbien et al., 1992) , cause additional physical and psychological suffering (Covinsky et al., 2003; Ouslander et al., 2000) , and increase system care cost (Ouslander et al., 2010) . As such, the rehospitalization rate is an important outcome indicator for SNF care quality. Policy interventionssuch as bundled Medicare payment across alternative care settings (Medicare Payment Advisory Commission, 2009b) and "pay for performance"(Abt Associates Inc., 2006)have been designed to create financial incentives for nursing facilities to reduce rehospitalization rate.
Focusing on this important outcome of skilled nursing facility care, this study was designed to determine whether Medicare beneficiaries admitted to higher volume nursing facilities were less likely to be rehospitalized within 30 days and 90 days of admission, that is, the inverse volume-outcome association for SNF rehospitalization rates. Although an understudied topic in the postacute care setting, the volume-outcome association has long been documented for hospital and physician services (Birkmeyer, Finlayson, & Birkmeyer, 2001; Glance, Li, Osler, Dick, & Mukamel, 2006; Luft, Bunker, & Enthoven, 1979; Thiemann, Coresh, Oetgen, & Powe, 1999) and, most recently, for custodial nursing home care (Li, Cai, Mukamel, & Glance, 2010) . As suggested by the acute care literature, the volume-outcome relationship may exist because of a "selective referral" effect, a "practice makes perfect" effect, or both (Halm, Lee, & Chassin, 2002; Li, Cai et al., 2010; Luft et al., 1979) .
Under the selective referral effect-as has been shown in hospital services (Luft et al., 1990; Luft, Hunt, & Maerki, 1987 )-skilled nursing facilities with superior outcomes of care (e.g., low hospital transfer rate) would be able to attract more patients and thus increase volume. If, alternatively or simultaneously, practice makes perfect in the delivery of skilled nursing care, skilled facilities caring for a high volume of Medicare beneficiaries would be able to gain more experience, possess more resources and well-trained personnel, and operate more efficiently, thereby achieving better outcomes.
Selective referral might exist in skilled nursing care for three reasons. First, the current SNF care market is relatively competitive and due, in part, to the rapid increase in community-based long-term and postacute care alternatives such as home health care and assisted living in the past two decades (Gruneir, Lapane, Miller, & Mor, 2007; Medicare Payment Advisory Commission, 2009a) , the overall nursing home occupancy rate continued to decline, down to 83% nationally in 2005 (Li, Harrington, Spector, & Mukamel, 2010) . The reduced occupancy rate made possible consumer choices of alternative SNF beds in local markets. Second, performance-based referrals have likely evolved in local markets as nursing facilities acquire reputations as "the best" or "the worst" in the area for patients with postacute care needs. Such reputations often develop as prospective patients, their families, and hospital discharge planners observe over time the experience and outcomes of patients in these facilities. Finally, explicit outcomes data for nursing home care were made available to the public by CMS as of 2002 (General Accounting Office, 2002). These quality "report cards" are expected to be able to reinforce selection based on informal performance information, and bring about market share changes among competing facilities (Mukamel, Weimer, & Mushlin, 2007; Mukamel, Weimer, Zwanziger, Gorthy, & Mushlin, 2004; Werner, Stuart, & Polsky, 2010) .
It is likely that the "practice makes perfect" mechanism also exists in the delivery of SNF care, particularly with regard to hospital transfers of postacute SNF patients. The decision to transfer a SNF patient to the hospital may be affected by a variety of factors that include the acuity and severity of disease, family, and patient preferences, and facility-related factors such as practice routines, available resources & expertise, and overall capacity to respond to emergent situations (Buchanan et al., 2006; Grabowski et al., 2008; Hutt, Ecord, Eilertsen, Frederickson, & Kramer, 2002; Intrator et al., 2004; Teresi, Holmes, Bloom, Monaco, & Rosen, 1991) . It has been established that improved staffing levels of physician assistants and geriatric nurse practitioners reduce hospitalizations (Grabowski et al., 2008; Intrator et al., 2004) . It has also been suggested that a lack of technological resources in skilled nursing facilities such as X-rays and intravenous therapy increases hospital transfers (Buchanan et al., 2006; Intrator et al., 2004; Teresi et al., 1991) . In light of these findings, one would believe that higher volume facilities exhibit lower rehospitalization rates because, at least in part, they tend to have better access to medical staff when faced with emergency situations, and be more able to provide the array of technologically sophisticated services-such as oxygen monitoring and therapy, specialized wound care, or intravenous medicationsthat otherwise could only be provided in emergency rooms or hospitals.
Given these considerations, this study performed a national cohort analysis on Medicare beneficiaries admitted to skilled nursing facilities, and determined whether their risks for being rehospitalized within 30 and 90 days of admission varied as a function of facility volume of patients. We tested the potential volume-outcome association for hospital-based and freestanding SNFs separately, given their important differences in case mix, staffing and care patterns, as well as patient outcomes (Donelan-McCall et al., 2006; Liu & Black, 2003; Stearns et al., 2006) .
New Contribution
The relationship between higher volume of patients and better clinical outcomes in acute care settings has been extensively reported in the United States (Birkmeyer et al., 2001; Glance et al., 2006; Luft et al., 1979; Thiemann et al., 1999) . For a broad array of surgical and medical conditions, patients admitted to higher volume hospitals have been shown to have improved outcomes including lower mortality rates (Halm et al., 2002) . Policy makers responded to this evidence of volume-outcome associations by suggesting minimum volume requirements and encouraging regionalization of hospital care for certain complex conditions, whereby patients are referred to high-volume centers of excellence for superior outcomes (Birkmeyer et al., 2001) . Until now, however, little research has been undertaken to explore the volume-outcome association in the delivery of postacute or long-term care. To our knowledge, only one recent study has examined this issue in nursing homes. That study found that long-term care residents in higher volume nursing homes were less likely to experience functional decline (Li, Cai et al., 2010) . The present study contributes to the nursing home health services research literature by determining whether a similar volume-outcome association exists in skilled nursing facilities-one of the most common post-acute care settings (Medicare Payment Advisory Commission, 2009a).
Method

Data Source and Sample
We obtained the 2008 nursing home Minimum Data Set (MDS) file from CMS and created a retrospective cohort of all Medicare admissions to federally certified skilled nursing facilities between January 1 and September 30 of 2008. It is estimated that more than 90% of nursing facilities in the United States are federally certified (Jones, Dwyer, Bercovitz, & Strahan, 2009) . The MDS contains detailed information about patient demographics, socioeconomic characteristics, physical and mental health status, disease diagnoses, and treatments received. Nursing home staff perform MDS assessments on all patients at admission, regularly thereafter, and when a significant change of health status occurs. MDS records are shown to be accurate and valid (Lawton et al., 1998; Mor et al., 2003) , and have been used for a variety of regulatory and research purposes such as setting the Medicare payment rate (Liu et al., 2007) , public reporting of nursing home performances (Abt Associates Inc., 2006; Donelan-McCall et al., 2006) , and tracking outcomes based on large database analyses (Intrator et al., 2004; Li, Cai et al., 2010) .
We identified the cohort of Medicare SNF admissions by including all MDS admission assessments during the study period (January 1 to September 30, 2008) that were also administratively designated as Medicare prospective payment system assessmentsthis same approach has been used by CMS to define postacute SNF admissions in its online publication of the "Nursing Home Compare" measures (Abt Associates Inc., 2004) . This admission cohort was then linked to MDS discharge tracking records using a unique encrypted patient identifier to define the discharge status of patients within 30 days and 90 days of admission (such as discharge to a hospital). The patient sample was finally merged with the 2008 Online Survey, Certification, and Reporting file, which is a facility-level database maintained by CMS. In this study, the Online Survey, Certification, and Reporting was used to obtain key SNF characteristics including whether a SNF was affiliated with a hospital (hospital based) or freestanding, profit status (for-profit, not-for-profit, and government), chain affiliation (yes/no), and geographic location (rural/urban).
Outcomes and Predictors
The primary outcomes of interest were whether a SNF patient had at least one discharge to hospital within 30 days and within 90 days of admission. The key independent variable was skilled nursing facility volume, which was defined as the annual tallied number of Medicare prospective payment system admissions for each facility in 2008.
We identified an extensive set of patient covariates that were available in the admission assessment and that might affect patients' risk for rehospitalization (Donelan-McCall et al., 2006; Grabowski et al., 2008; Intrator et al., 2004; Intrator et al., 2007; Stearns et al., 2006) . Sociodemographic covariates included age (categorized as <65 years, 65-74 years, 75-84 years, and ≥85 years), male gender, race/ethnicity (non-Hispanic White, Black, Hispanic, and other), education (<high school diploma, high school diploma, some college/technical school, and bachelor degree or higher), primary language (English vs. non-English), and marital status (married or not).
Patient clinical and diagnostic covariates included whether the patient was admitted to the SNF directly from a hospital, whether the patient had a do-not-resuscitate order at admission, the number of activities of daily living (ADLs) that each patient could perform at admission, whether the patient had cognitive impairment, and a set of binary variables (1/0) indicating presence (at admission) of diabetes, other endocrine disease, cardiovascular disease, musculoskeletal disease, dementia, neurological disease except dementia, anxiety disorder, depression, schizophrenia, bipolar disorder, pulmonary disease, sensory disease, and other diseases. ADLs included bed mobility, transfer, dressing, eating, toilet use, personal hygiene, and bathing; each ADL component was coded in 5 categories from 0 (independence) to 4 (total dependence), resulting in a total range of the aggregate ADL score between 0 and 28. Patients were defined as having cognitive impairment if they had impaired short-term memory and were dependent in daily decision making.
Statistical Analyses
We first ranked facility volume in an increasing order and categorized facilities into approximate tertile groups, that is, those of low volume (<45 admissions), medium volume (45-107 admissions) and high volume (≥108 admissions). We performed bivariate analyses to compare patient and key facility characteristics between volume groups, using chi-square tests for discrete variables and analyses of variance for continuous variables. In both bivariate and multivariable analyses (described below), we excluded patients who had a do-not-hospitalize order at admission (n = 16,975). Of note, this exclusion was made after patient volume was calculated and thus although excluded patients were not used for analyses, they contributed to SNF patient volume.
We further performed survival analyses for hospital-based and freestanding SNFs separately. In each set of analyses, we first used the Kaplan-Meier survival curve and the log-rank test to determine the bivariate relationship between facility volume and risk for rehospitalization.
In the Kaplan-Meier analyses, we included "volume tertiles" as two categorical variables for the high-volume and medium-volume groups, with the low volume group being the reference group. For the analyses of patients admitted to hospital-based facilities, the volume tertile groups were defined as <45 admissions (low-volume hospitalbased SNFs), 45 to 126 admissions (medium-volume hospital-based SNFs), and ≥127 admissions (high-volume hospital-based SNFs). For the analyses of admissions to freestanding SNFs, the volume tertile groups were categorized as <45 admissions (low-volume freestanding SNFs), 45 to 107 admissions (medium-volume freestanding SNFs), and ≥108 admissions (high-volume freestanding SNFs).
To determine the independent association of volume with 30-day (or 90-day) rehospitalization, we estimated multivariable Cox proportional hazards models where the independent variables were volume tertiles defined for hospital-based and freestanding SNFs separately. The Cox proportional hazards models controlled for the patient covariates described in the previous section and accounted for left censoring or loss of follow up before 30 days (or 90 days) of admission because of death, discharge to home (with or without home health services), or transfer (to other SNFs, rehabilitation centers or other types of postacute care settings). The unit of all survival analyses was each admission.
Finally, we performed sensitivity analyses for alternative definitions of volume groups in multivariable analyses, where facilities (hospital based, or freestanding) were recategorized to (a) two groups (≥median volume vs. otherwise), (b) quartile group, or (c) quintile groups. Results of these sensitivity analyses were essentially identical to those of the base analyses, and thus are not reported. All analyses were conducted using SAS (SAS Corp., Cary, NC) Version 9.1.
Results
Our analyses included 1,023,771 Medicare admissions to 14,857 SNFs between January and September of 2008 (Table 1) , of whom 78,890 were admitted to lowvolume facilities (annual admissions < 45, n = 4,952), 235,243 to medium-volume facilities (annual admissions of 45-107, n = 4,952), and 709,638 to high-volume facilities (annual admissions ≥108, n = 4,953). Bivariate comparisons showed that the 30-day rehospitalization rate was 16.4% for low-volume facilities, 15.9% for mediumvolume facilities, and 14.3% for high-volume facilities (p < .0001), whereas the 90-day rehospitalization rate was 27.3%, 25.9%, and 21.5%, respectively, for the three volume groups (p < .0001).
Table 1 also shows that certain patient characteristics were associated with admission to facilities of each volume group. For example, patients younger than 65 years, Black patients, and patients with lowest education attainment showed decreased rate of admissions to high-volume facilities, whereas married patients and patients who were admitted directly from a hospital showed increased rate of admissions to highvolume facilities. Compared with low-volume SNFs, high-volume SNFs were more likely to be for profit, affiliated with a chain, and located in a nonrural area.
Although the average number of postacute care admissions per year was 103 for all facilities (Table 2) , hospital-based facilities (n = 910, 6% of all facilities) tended to have higher number of admissions (117 on average) than freestanding facilities (102 on average). Unadjusted hospital discharge rate was much lower in hospital-based than in freestanding facilities-8.9% versus 15.3% within 30 days of admission, and 12.0% versus 23.8% within 90 days of admission.
The Kaplan-Meier curves for both types of facilities ( Figure 1) suggest a significant inverse bivariate association between higher volume and lower risk of rehospitalization (log-rank tests p < .001). Table 3 shows that in multivariable Cox proportional hazards models considering censoring and for hospital-based facilities, the adjusted hazard ratios of 30-day rehospitalization were 0.87 (95% confidence interval [CI] = 0.79-0.97, p = .010) for high-volume facilities, and 0.89 (95% CI = 0.79-0.99, p = .030) for medium-volume facilities, both compared with low-volume hospitalbased SNFs; in addition, the adjusted hazard ratios of 90-day rehospitalization were 0.72 (95% CI = 0.66-0.78, p < .001) for high-volume facilities, and 0.79 (95% CI = 0.73-0.86, p < .001) for medium-volume facilities. Similar pattern of volumeoutcome associations was found for freestanding facilities (Table 3) .
To control for potential confounding of facility covariates on the estimated volumeoutcome associations, we performed additional analyses where we incorporated several key (and exogenous) SNF characteristics into the multivariable analyses. These additional facility covariates included profit status (for-profit, not-for-profit, and government), chain affiliation status (yes/no), and rural/urban location (see Table 1 for descriptive statistics). These sensitivity analyses showed that the estimated volume-outcome associations were essentially the same as the estimates in main analyses (details of these sensitivity analyses are available from the authors on request).
Discussion
This study of the nation's Medicare skilled nursing facility admissions revealed that those who were admitted to higher volume facilities tended to show lower rehospitalization rates within 30 days and 90 days of admission. In multivariable analyses controlling for patient demographic, socioeconomic, clinical, and diagnostic characteristics, high-volume facilities (annual number of admissions in the top tertile group) were associated with an approximately 15% reduced risk for 30-day rehospitalization and an approximately 25% reduced risk for 90-day rehospitalization, compared with low-volume facilities (annual number of admissions in the bottom tertile group, or < 45). This volume-outcome association was similarly found for both hospital-based and freestanding facilities. Of the many ways in which hospital-based and freestanding SNFs can differ (Donelan-McCall et al., 2006; Liu & Black, 2003; Stearns et al., 2006) , our analyses found that hospital-based units tended to admit more Medicare patients and showed lower rehospitalization rate than freestanding facilities (Table 2) . This outcome difference is consistent with previous findings. For example, a MedPAC-commissioned study reported that compared to patients admitted to freestanding nursing facilities, those admitted to hospital-based facilities exhibited approximately 50% reduced odds of hospital transfers for any and each of five most common diagnoses (Donelan-McCall et al., 2006) . In addition, Stearns et al. (2006) similarly found that the 30-day rehospitalization rate for a hospital-based SNF cohort was nearly one-half of that for a matched cohort of freestanding admissions.
Our study confirmed that the volume-outcome association persisted and exhibited similar patterns for both types of facilities. This might be expected given the nature of skilled-level services provided in all facilities and would suggest that similar referral and/or technological mechanisms drive the volume-outcome association in an acrossthe-board manner. In further regression analyses controlling for key SNF characteristics (profit status, chain affiliation, and rural versus urban location), we found that the volume-outcome associations tended to be similar for both hospital-based and freestanding facilities, confirming the robustness of our findings.
This study has several limitations. First, we focused on rehospitalization as an important outcome of skilled nursing facility care. There are, however, other important outcomes such as pain control or mobility and, in general, these outcomes do not tend to be correlated (Mukamel et al., 2008) . Therefore, the observed volume-outcome association found in this study may not be generalized to other aspects of SNF care outcomes. Second, this study only examined the association between facility volume and rehospitalization rate, and was not able to make causal inferences between them. Future work is needed to clarify the nature of the causal pathway between volume and outcome so as to better inform quality improvement efforts and policy interventions. Specifically, refined study designs such as longitudinal tracking of changes in both volume and outcome, and sophisticated statistical techniques such as simultaneous (Luft et al., 1987) would allow researchers to ascertain the relative contribution of the "selective referral" versus "practice makes perfect" mechanism. Future research can also be undertaken to control for unobserved and observed facility heterogeneity and explore the unconfounded (by specific facility characteristics such as resource availability and staffing levels) volume-outcome associations using twostep fixed effects modeling (Milcent, 2005) . These additional analyses, however, are beyond the scope of the present study. Third, although our multivariable analyses controlled for more than 30 patient covariates obtained from MDS assessment, it is still possible that the regression did not capture all clinical and nonclinical (such as patient preference) factors that affect individual risk for hospital admissions. Therefore, we cannot rule out the possibility that residual confounding may mediate a part of the estimated volume-outcome association. Fourth, our estimates of rehospitalization rate were slightly lower than the estimates of previous studies, which ranged from 17% (Donelan-McCall et al., 2006; Stearns et al., 2006) to more than 20% Mor et al., 2010;  within 30 days of SNF admission). These previous estimates, however, were derived from Medicare hospital claims data that only included fee-for-service admissions and excluded hospital admissions of Medicare Health Maintenance Organization patients (Jencks, Williams, & Coleman, 2009) . Given the effective control of expensive hospital resource use by Health Maintenance Organization policies (Zhan, Miller, Wong, & Meyer, 2004) , the lower rehospitalization rate estimated for overall Medicare beneficiaries in this study is expected. Finally, we examined all-cause rehospitalization within defined periods of SNF admission, which receives much attention by current policy debates. However, we did not have information about the reasons for these hospital transfers from the MDS discharge disposition code, although it has been reported that a substantial number of SNF hospital transfers are "preventable" (Donelan-McCall et al., 2006) . Future work, in which the MDS assessments are linked to hospital diagnostic records, could attempt to refine our analyses and identify potentially preventable hospitalizations of SNF care patients before reexamining the volume-outcome association.
In conclusion, this study of a national cohort of skilled nursing facility admissions reveals that patients admitted to higher volume facilities were less likely to be hospitalized within 30 days and 90 days of admission than patients admitted to lower volume facilities. This volume-outcome relationship is found for hospital-based and freestanding facilities separately. Future work is needed to understand the mechanisms underlying this finding in the context of skilled nursing care, and clarify the potential "selective referral" versus "practice makes perfect" hypothesis.
